Journal of Marine Animals and Their Ecology 
Copyright © 2008 Oceanographic Environmental Research Society 


Vol 1, Nol, 2008 
Printed in Canada 


The Nature of Humpback Whale (Megaptera novaeangliae) Song 


E.C.M. Parsons,” A.J. Wright? and M. A. Gore? 
‘Department of Environmental Science and Policy, George Mason University, Fairfax, VA, USA 
*University Marine Biological Station Millport, Isle of Cumbrae, Scotland 
3 Leviathan Sciences, Arlington, Virginia, USA 


Abstract 

The nature of humpback whale (Megaptera novaeangliae) 
song has long interested both scientists and the general public. 
Research strongly indicates that humpback whale song is an 
important component in the social behaviour of breeding 
humpback whales, with proposals that the song has an intra- 
and/or inter-sexual selection component. Some scientists, how- 
ever, have alternate hypotheses, such as song being a means of 
sonar for detecting females. Song is not the only factor in- 
volved in humpback whale breeding behaviour, as groups of 
males follow and may physically compete for females. Hence, 
the exact nature of humpback whale song and its relation to 
their breeding behaviour is unclear. Why does whale song con- 
tinuously change throughout the breeding season, and why do 
new songs spread so quickly throughout a population? In many 
respects, the nature of humpback whale song may resemble 
and parallel bird song. For example, many bird species that 
display innovation in the male’s song also have increased re- 
productive fitness, and a similar situation may occur in male 
humpback whales. To explain why such innovation may be 
selected for in humpback whales, this paper postulates that 
sexual selection in humpback whales may have both a physical 
and cognitive fitness component. 





“No one knew why humpbacks sang. Nate had been 
listening to them, observing them, photographing them, 
and poking them with sticks for twenty-five years, and 
still he had no idea why, exactly, they sang”. 
From Christopher Moore. Fluke. Or I know why the 
winged whale sings. Harper Collins. 2004. 


Introduction 

Why do male humpback whales (Megaptera novaeangliae) 
sing? The purpose and nature of the captivating songs of the 
humpbacks have been an enigma for modern zoologists ever 
since they were first discovered by scientists (79). Opinions as 
to the purpose of humpback song varies widely, from the calls 
being no different to those of herding animals to the idea that 
they may be a way of transmitting highly complex information, 
perhaps even being equivalent to language. There is debate as 
to whether the song is a mating call (vocalisation that contains 
information about the breeding intentions of the caller), a way 
of defending an area such as a territory (an area occupied and 
defended by one or more animals against conspecifics through 
overt defence or advertisement), a means of co-ordinating co- 
operation between males, a combination of these functions, or 
an as yet undetermined function. This theoretical paper seeks 
to review information on the nature of humpback song and the 
hypotheses as to its function, and to suggest some new hy- 
potheses. 
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Humpback whale behaviour 

Humpback whales (humpbacks) typically undertake extensive 
seasonal migration between high latitude summer feeding 
grounds and low latitude, tropical winter reproductive areas 
(c.f, Arabian Sea population; 63). On the high latitude feeding 
grounds, several of them will associate and co-ordinate with 
each other to produce “bubble nets” that aid in trapping and 
herding shoaling fish (98). Humpbacks appear to have tradi- 
tional feeding and breeding grounds as they return to particu- 
lar local habitats and regional feeding areas, which seems to 
be a result of early experience and maternal influence. Craig 
and Herman (26) and Weinrich (101) documented these results 
through individual return rates and population genetics in the 
southern Gulf of Maine and on the breeding grounds off the 
Hawaiian Islands. Research also shows that individuals from 
various feeding grounds may use one breeding area, presuma- 
bly to increase their mating opportunities, although humpbacks 
from one breeding area may also visit several feeding grounds 
(12,90). 

Craig and Herman (26) suggested that not all females 
completed or even began the migration to Hawaii each year, as 
they may have become pregnant prior to migrating and re- 
turned to, or remained on, their feeding grounds. Some fe- 
males along eastern Australia also remained in feeding grounds 
during winter (11). As a result, a biased sex ratio of 2.4 males 
to 1 female was found in both north- and southbound migra- 
tions off eastern Australia by Brown et a/. (11). This conse- 
quently limits the number of females on the winter breeding 
grounds. As males outnumber females, males have to compete 
physically for proximity to females (27). 

Furthermore, sexual segregation has been observed during 
the migration from the North Atlantic feeding grounds to the 
breeding grounds in the West Indies (90). Male humpbacks 
migrating off eastern Australia, associating together frequently, 
were found in larger groups than females (10). Males from all 
feeding grounds also arrive earlier at the breeding area in the 
West Indies than do females (90). 

Finally, comparing females with and without calves during 
the progression of the breeding season, Craig et al. (27) found 
that males in Hawaii associate preferentially with, and com- 
peted more vigorously for, females without a calf (/e., females 
with high reproductive potential). This criterion appeared to be 
less important as the breeding season progressed, presumably 
as the number of births significantly reduced the availability of 
calf-less females. These various findings set the scene for very 
active male competition for breeding females. 

Not all humpback populations migrate, however. Mikhalev 
(63) argued that there is at least one population in the Arabian 
Sea that remains in these subtropical-tropical waters year- 
round and noted that this was unusual for the species. As the 
Arabian Sea is the site of a major oceanic upwelling, productiv- 
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ity in this area is high due to abundant nutrients, warm surface 
waters and abundant sunlight, and so humpbacks in this region 
may have no need to migrate long distances away from tropi- 
cal waters to find sufficient food. 

The organisation of whale groups on breeding grounds 
may be more complex than during feeding or migration. Spitz 
et al. (86) examined both the social role of males and group 
size in humpbacks on winter breeding areas of the Hawaiian 
Islands in relation to body length. They found that females 
were larger than males and were rarely found with other fe- 
males, and also that the sex ratio on the breeding ground was 
two males to one female. Spitz et a/ (86) categorised males as 
principal escort, secondary escort, lone escort with mother-calf 
pair, male partner and singer. Principal escorts were signifi- 
cantly larger on average than other males except singers. Sing- 
ers in turn were significantly larger than male partners, but no 
significant differences in size were found in other pairwise com- 
parisons between the groups. Principal escorts also tended to 
be the largest or second largest male in their individual com- 
petitive group, and their size indicated that they had reached 
sexual maturity. Interestingly, the other categories of males 
may not be mature except singers. Group structure may also 
be a function of other factors, such as time of day, with Hawai- 
ian adults generally being alone in morning and gathered into 
pods (a group of cetaceans), increasing in size over the day 
(46). This structure is important, as the breeding grounds are 
where the majority of male humpbacks are found singing. Male 
singers off Maui, Hawaii, were joined on occasion by other indi- 
vidual males, where the pair either split up or formed a group 
(32). Singing also occurs before and after male-male interac- 
tions during the breeding season (32). However, singing ap- 
pears to be a solitary activity and does not necessarily result in 
immediate physical contact with females or other males. 

Evidence suggests that humpbacks have a promiscuous 
mating system. Individually identified females were resighted 
with different male associates during at least two breeding 
seasons off the Gulf of Maine (20). Clapham and Palsboll (20) 
also found that the offspring of individual females had multiple 
paternities. This was further reinforced recently by the pater- 
nity analyses of Cerchio et a/. (15), which also indicated a pro- 
miscuous mating system. The system was found not to be 
egalitarian, as some male humpbacks had a slightly greater 
reproductive success than others. In the sample analysed, 
most males were not attributed any paternities over the 5-year 
study, with rates of one or two paternities close to expected 
values from a random mating system. However, two to three 
males were assigned three paternities, which was significantly 
greater than expected (15). 

Given the uneven sex ratio on the breeding grounds, a 
promiscuous mating system would probably produce competi- 
tion between males for access to females, so there would likely 
be intra-sexual selection based upon ability to monopolize and 
defend a female. This competition may be physical, as aggres- 
sion can occur within groups of males, especially when males 
are apparently competing for access to a female with or with- 
out a calf (8,42,96). Such male aggression can draw blood 
(8,33) and may possibly, on very rare occasions, be severe 
enough to result in the death of a male humpback (72). 

Competitive behaviour has also been observed away from 
the breeding grounds in both north- and southbound migra- 
tions, although most male-male interactions were not agonistic 
and some were even co-operative in nature (10). However, 
physical aggression may not be the only method of competition 
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Picture 1. Humpback whale breaching - reproduced with permission Allan 
Whaley/FUNDEMAR 


used by male humpbacks, and song may be a key technique. 
Here we introduce humpback song and then discuss possible 
causes and effects of males singing. 


Humpback whale song 

The structure of humpback whale song 

The sounds produced by humpbacks are low to mid frequency, 
usually 30 Hz to 8 kHz (23,75,85,93). Peak frequencies are 
generally around 315Hz and 630Hz (5), although high frequen- 
cies of up to 24kHz may sometimes be reached (4,6,7). Al- 
though the higher frequency components of their calls would 
be relatively short range, the low frequency components can 
travel considerable distances. As a result, humpbacks are able 
to communicate over tens or hundreds of kilometres and may 
not need to be in close physical proximity to remain in contact 
(1). 

A humpback song can be broken down into a number of 
“themes” (75). In turn, each theme contains a number of repe- 
titions of a phrase. Phrases may last for 20-40 seconds, while 
entire songs may be longer than 30 minutes. Themes are gen- 
erally sung in a particular order (75) and the singing whale can 
take about 10 minutes to come back to the original theme. The 
structure of the song is complex and hierarchical, consisting of 
short and long segments with multiple layers of repetition or 
periodicities that may contain six units or even 400 units (91). 
The song conveys one bit of information per second, compared 
to humans with approximately ten bits per second (91). 

Light does not travel far underwater, particularly at depth, 
whereas sound travels faster underwater than through air. This 
renders vision underwater less effective than hearing as a 
means of communicating. In broadcasting and receiving sound 
underwater, there may be strategies that improve this mode 
further. For example, there would be less interference from the 
deep scattering layer at certain times of day or night, or with 
less stratification related to the diurnal vertical migration of 
plankton. Males may use the sound propagation properties of 
the top layer of the water. For example, sending a song along 
a thermocline would allow a broadcast to cover a wider hori- 
zontal area. This suggestion is supported by the findings of Au 
et al. (7), whereby the higher frequencies in humpback song, 
which do not travel as far as lower frequencies, are projected 
horizontally. 

There are also indications of a diurnal pattern in sound 
pressure levels of whale song, whereby levels were significantly 
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louder at night during the breeding season in Hawaii (5). 
Sound levels increased during sunset and only decreased at 
sunrise. It has been suggested that this pattern may reflect 
song being sexual advertisement as the main male mating 
strategy at night, while vision may be key to the formation of 
competitive groups during the day (5). There are several other 
alternative explanations. For example, many animals rely on 
sound for communication at night, and the humpbacks may 
simply be compensating for the increase in ambient noise. An- 
other possibility is that the whales are taking advantage of, or 
compensating for diurnal changes in oceanographic features, 
as discussed by Au et al. (5). 


Song in other whales 

Many baleen whales spend a significant percentage of their 
time producing loud low-frequency sounds (57). Some exam- 
ples of the frequency of sounds produced can be seen in Table 
1. 

Many of these sounds are less elaborate than humpback 
whale vocalisations, with less structure, and are not generally 
considered to be songs. Even so, fin whales (Balaenoptera phy- 
salus) produce series of pulsed sounds that are directly associ- 
ated with the reproductive season and are thought to be pro- 
duced by the males (100). The same sound sequences are 
never repeated exactly and are thought to stimulate vocalisa- 
tion in other fin whales, while the approach of another whale 
induces a calling animal to cease (100). Fin whale use of these 
signals suggests a similar function to the songs of humpbacks 
(100). 








Common Name Scientific Name Frequency of 


Sounds Produced 


'Right Balaena glacialis Largely below 500 Hz 
?Minke B. acutorostrata 60 Hz to 6 kHz 

*Blue B. musculus 12 to 222 Hz 
Bowhead B. mysticetus Largely below 1000 Hz 


SFin B. physalus About 20 Hz 


Table 1. Examples of sounds produced by baleen whales 
122; 760; °28,57,83,87,88,89,92; “29,30,60; *100 


The one other whale known to sing is the bowhead. These 
songs are simpler than those of humpbacks, consisting of 
many repetitions of a small number of sounds in the same or- 
der (54). They are produced during the spring migration (54), 
on or near the winter breeding grounds and may change from 
year to year in a similar manner to those of humpbacks. This 
could be an example of convergence in evolution, or it may 
indicate that the song predates the speciation of either the 
bowhead or humpbacks, suggesting that the original reason for 
the song may be different from the development of its unique 
complexity in the humpback. 


The changing structure of whale song 

Another interesting aspect of humpback song is that it is con- 
stantly changing over time (75). All the males in a humpback 
population within a region sing essentially the same song 
(77,104), which may have segments that overlap with songs 
belonging to adjacent populations. Humpback song is generally 
produced on the breeding grounds (17) and rarely produced on 
feeding grounds. When the males resume their song at the 
beginning of a new breeding season, the song is the same as 
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at the end of the previous breeding season (75). As the breed- 
ing season progresses the songs of each population change in 
structure (74,75,78). Innovations by individuals are copied and 
incorporated into their songs by other males in the breeding 
site, until these changes are apparently adopted by all males 
(74,75). At the end of the breeding season males tend to cease 
singing until the following mating season. It has been sug- 
gested that song transmission is cultural, as the changes arise 
spontaneously and are incorporated by others as they arise 
(39), but there may also be some components of whale song 
that change independently of cultural exchange (16). 


Comparisons with bird and bat song 

The use of sound as song is not unique to humpbacks (62). 
The most studied form of song in animals is bird song, which 
generally functions as either a means of territorial defence 
from other males or a method of mate attraction and female 
selection. For example, song playback experiments have been 
carried out to show territorial defence in several bird species 
(e.g., Pardus major, 51). Whales and songbirds may have a 
similar means of communication through convergent evolution. 
Birdsong is usually exclusive to males, as is the case in hump- 
backs (33,41,102) and is typically sung during the breeding 
season, which again is analogous to humpbacks, with a link to 
seasonal hormonal levels in birds. Although humpback song is 
sporadically heard in the summer feeding grounds (56,59), it is 
much more frequent both approaching and in the winter breed- 
ing grounds (81,103,104). 

We may also be witnessing a two-strategy situation, as 
appears to occur in the male greater white-lined bats 
(Saccopteryx bilineata) in Trinidad. Males sing songs, while 
females produce only short calls (36). Males use a particular 
screech song in what appears to be marking a territory and a 
longer, more tonal call when interacting with females. Males 
with more complex songs were found to have more females in 
their territories, and females were found to be capable of dis- 
tinguishing male from female ultrasonic sounds. 


Song as Sonar to Detect Females 

Magnusson and Kasuya (55) developed a probability model for 
male whale mating strategies, where females grouped in a pod 
and were receptive only briefly during the breeding season. 
They suggested a searching strategy for individual males which 
would be advantageous when: 1) a female is receptive a high 
percentage of time; and/or 2) a male is expected to locate a 
high number of pods in a breeding season. They noted that 
there was limited data available to test the model, but they 
suggested that sperm whales should benefit from this search 
strategy. Could the song of a humpback be a component of a 
search strategy? 

In support of the theory that song is a searching mecha- 
nism, Frazer and Mercado (40) presented a long-range sonar 
model for humpback song. The sonar model suggests how 
singing males might find females, even though females gener- 
ally ignore or avoid singers (32). It also suggests why males 
hardly ever sing while in the company of females or while com- 
peting with other males for the position of primary escort. They 
conclude that many cetacean vocalizations must have both a 
communication and a sonar function. 

Au et al. (3) questioned a number of the assumptions in 
this model, considering the noise-limited form of the sonar 
equation, current understanding of humpback behaviour, and 
the characteristics of humpback songs. They also argued that 
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evolution should favour a stable signal if sonar is important to 
mating success by echolocation, but that in reality songs are 
plastic and change at a variable rate within each season, 
changing completely within about 5 years (74,75). However, all 
songs have some stable elements, such as the inclusion of spe- 
cific frequencies broadcast at certain times and syllables of 
specific lengths; perhaps these are used as a searching mecha- 
nism. Whale song may have originated as a sonar mechanism 
that evolved, modifying the structure to incorporate other func- 
tions. However, a singer has never been observed localizing 
females (3). Moreover, if whale song is a form of sonar, why 
do whales not use it to detect conspecifics at all times? For 
example, on the feeding grounds song is not used when locat- 
ing other animals to help in herding prey species. There would 
also be a strong argument for females to sing if it were used as 
sonar. However, most if not all of the above arguments apply 
only if sonar is the primary function of the song, not an inci- 
dental benefit from a signal used mostly for another reason. 


Song as a Sexual Signal 

Honest signalling and reproductive fitness 

Many sexually-related signals in nature, including calls by vocal 
vertebrate species, are attempts to reflect fitness honestly by 
conveying the abilities of the signaller to the receiver 
(24,37,44,45,106,107,108). This might be an announcement of 
size or a display of fitness by essentially demonstrating how 
much of the signalling cost the signaller can absorb. This then 
allows a female to choose the best male possible to father her 
offspring or allow males to assess their competition. 

The costs of producing a signal, such as a song, can be 
measured in terms of time and energy; that is, the energetic 
cost of signal production and the missed opportunities for 
breathing and foraging. Song production carries a notable en- 
ergetic cost, through increased metabolic rate and energy con- 
sumption, as has been reported in birds (99). Costs may also 
be measured in terms of increased exposure to predators or 
advertising the singer’s presence to their prey. These latter 
costs are likely to be negligible for humpbacks, as they rarely 
feed on the breeding grounds, and adults are not generally 
subject to predation. 

If humpback songs are indeed an honest communication 
of fitness, the elements likely to indicate their physical fitness 
would include frequency (potentially linked to the size of the 
singer) and duration. Humpback songs can last for more than 
two hours (97,105) and the production of such a loud sound 
for such long periods of time certainly would be costly and 
would imply the intrinsic fitness of a singing male. Another 
option is that the time between breaths might convey size to a 
female or a competitor (19). 

A recent study on swimming rates in male humpbacks 
suggests that singing during migration has additional costs. 
Noad and Cato (68) discovered that singing humpbacks, mi- 
grating between the Antarctic and Australia, swam much more 
slowly than non-singing whales (2.5 kmph versus 4 kmph). The 
slow swim speed may be the result of singing being physically 
costly, such that the energetic costs of singing preclude fast 
movement. There may also be an indirect cost of singing, 
whereby swimming at a slow speed reduces the amount of 
time males can spend feeding as the result of a prolonged mi- 
gration to the feeding grounds in the Antarctic. As the value of 
the song must lie in how well it accomplishes its purpose, thus 
this behaviour must carry some additional benefit. For exam- 
ple, it might increase the number of females (if they are the 
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targets for the song) exposed to an individual’s song (68). 

While key information on physical fitness may be conveyed 
by singing, this does not explain why songs are complex and 
yet consistent within a population. This suggests that they con- 
vey additional information. For example, the ability to remem- 
ber a complex song might be an indicator of memory capacity 
and mental fitness. 


Potential Benefits of Song 

As discussed earlier, males appear to be competing for fe- 
males: 1) directly through physical aggression or indirectly 
through male behaviour resulting in ranking in a social hierar- 
chy; 2) indirectly through displays to females; or 3) a combina- 
tion of both. Consequently, a male may have a number of at- 
tributes to bring to this competition, which may be used se- 
quentially or as needed. As discussed above, it is possible that 
these attributes include vocalisation through song, along with 
size, strength, and social abilities. 


Songs for Females 

When singing whales join females, male behaviour thought to 
be associated with sexual activity is usually observed (95), 
which suggests that song could function as a sexual attractant. 
Although somewhat unusual, females have also been observed 
joining singers (60), further supporting this idea. Perhaps the 
broadcast of the male’s song in a favourable place is important, 
as in the lek scenario discussed below. For example, a male 
might position himself at a point in the water column where 
the long distance transmission of sound is optimal, such as 
using a thermocline to produce a waveguide. A female receiv- 
ing the song might be able to determine distance using re- 
ceived frequencies and then judge the male's relative fitness by 
the power of his song. Chu (19) also argued that indication of 
physical fitness could be conveyed through song structure cor- 
relating with breath-holding ability. This could be tested fur- 
ther, as there are many other characteristics, such as swim- 
ming speed, size, age and blood testosterone levels, that could 
equally be considered as indicative of male fitness and could 
feasibly be compared to song structure. 


Male-Male Competition 

Darwin (35) pointed out that courtship displays may also be 
directed at other males competing for females. That is, fitter 
males warn less fit males of their presence and that competi- 
tion with them would ultimately be futile. In the case of hump- 
backs, this latter function would benefit both the singer, who 
would not have to exert himself to discourage other males, as 
well as the less fit males, who could suffer physically in a con- 
flict with a stronger male. Darling and Bérubé (32) suggested 
that song is indeed for male-male communication or display 
due to the frequent cessation of song when one male joins 
another. They also noted that an escort may sing with a female 
-calf pair, adding further support to this idea. 

Fertile females are likely to be a limiting resource for adult 
male humpbacks. Males may therefore use their song to com- 
pete against each other directly in a number of ways. One op- 
tion is that the song is involved in establishing or indicating a 
male’s position in a dominance hierarchy, as has been sug- 
gested by Darling (31) and Darling and Bérubé (32). There is 
some support for this as males tend to avoid or, on fewer occa- 
sions, charge at or approach (the latter term has been sug- 
gested as a more appropriate term by Darling) the playback of 
whale song, the latter presumably in a bid to displace a male 
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perceived to be of lower status (66,94). The results of these 
playback experiments are suggestive of territorial songs. Al- 
though males do not appear to hold physical territories, they 
may have simply gone unnoticed, as the distances involved 
could be large if they are maintained acoustically. Alternatively, 
it is quite possible that they may move their ‘territories’ if, like 
several pinnipeds (e.g., northern elephant seal, Mirounga an- 
gustirostris, 53), they monopolise females rather than control 
other resources, as female humpbacks would be moving 
around unlike although female pinnipeds on a rookery. 


Male and Female Receivers 

If humpback songs appear territorial, but also seem to function 
as a sexual attractant, the communal display (in this case, 
singing) suggests that male humpbacks are using an area of 
water as a lekking arena (65). Leks are aggregations of dis- 
playing males to which females are attracted for mating. J iguet 
et al. (49) define parameters for a lek as: a) no male parental 
investment occurs beyond sperm; b) males aggregate at spe- 
cific sites for display; c) the only resource females find on a lek 
is the male; and d) females can select a mate (although this 
last parameter is disputed; see discussion in 21). An interesting 
example of a lekking bird is the only parrot to use such a mat- 
ing system, the kakapo (Strigops habroptilus) (25). In the 
breeding season, the male settles into a bowl-like depression 
that he has dug in the ground at a suitable site and then be- 
gins a deep, resonant boom sound. In a good location, the 
boom can be broadcast over 5km. However, to address the 
lack of rigid spatial structure in the humpbacks ‘territories’ (or 
perhaps ‘maritories’), Clapham (21) proposed the term ‘floating 
lek’, 

In a floating lek, a humpback male would use song to de- 
fine an area as his ‘territory’. Other males that hear the song 
could approach and attempt to displace the singer holding the 
area. Females might avoid singers for this reason, expecting 
and circumventing male-male confrontations by judging male 
fitness from a distance and remaining in the area if he meas- 
ures up. Smaller humpbacks would be less able to compete 
directly and would be more likely to adopt alternative mating 
strategies, such as attempting to sneak into the ‘territory’ of an 
inattentive or otherwise occupied dominant male to mate with 
a coercible female. Sneaky mating is a strategy used in a wide 
variety of vertebrates, including various pinnipeds (e.g., north- 
ern elephant seal: 53), and this scenario would explain the 
sizes of males reported by Spitz et a/. (86). Singers would be 
trying to establish or maintain ‘territories’, primary escorts 
would be engaged in guarding a mate from smaller challengers 
(21) and the pairing of smaller males could represent a coop- 
erative effort to gain access to a defended female (see below). 
It would follow that singers would sing more at night, in an 
effort to deter sneaky males from using darkness to hide their 
activities, as observed by Au et a/ (5). It would also explain 
why more groups are seen later in the day (46), as sneaky 
males might tend to encroach on a singer's area more when he 
sings less. 

Interestingly, playback experiments have shown that 
males will approach the social sounds made within a competi- 
tive group, more often than they approach song (66,94), which 
may indicate the use of a tactic reported in northern elephant 
seals. Less dominant males will often challenge a more domi- 
nant male when they have just finished a long fight and are 
exhausted, increasing the chances that the challenge will be 
successful (53). 
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A strategy of sneaking is a relatively inexpensive use of 
time and energy. Also, by not displaying, the sneaky male does 
not draw attention to himself from competitors or predators, 
although adult humpbacks on breeding grounds experience 
minimal predation pressure. Regardless, it is possible that a 
singer may receive (incidentally?) some environmental informa- 
tion from echoes produced by a song, such as the presence of 
other whales, as postulated by Frazer and Mercado (40). As 
mature females are larger than males, it is also possible that a 
singer can distinguish between a female, a large male and a 
smaller male. If females tend to remain at a distance from a 
singer, a singer might cease singing in order to join a female 
accompanied by a bold escort that the singer detected, protect 
his area and take the opportunity to mate. 


Male-male cooperation 

The majority of singers are lone males and while females are 
likely to hear the singing, it is generally only males that appear 
to move towards singers (32). Similarly, a singer usually stops 
singing when joined by another male (94), suggesting that the 
singing has either succeeded or failed to achieve its goal. It is 
thus likely that the goal is either to keep other males away (as 
discussed above), or to bring specific males closer to form a 
pair/group. As mentioned above, co-operation between males 
might be necessary in some cases to control females or force 
them into mating. It would also be easier for co-operating 
males to separate a female from her calf to facilitate mating. In 
primates, infants have been shown to disrupt attempts at mat- 
ing (43). Gore (43) noted that successful males enticed the 
female to a position out of sight of the infant to mate with a 
cooperative female. However, the mother-offspring bond in 
humpbacks appears to be very strong. 

Darling et a/. (34) also hypothesised that male cooperation 
in mating could account for the song and singing as collabora- 
tive behaviour. They noted that males joining singers appear to 
behave co-operatively when escorting females. As a result they 
suggest that song may provide information on male-male asso- 
ciations over time with the changing nature of songs (see be- 
low) documenting a changing history of associations. They 
note that this may help document reciprocity when males as- 
sist each other when mating. However, this is not consistent 
with the agonistic interactions that have been reported by oth- 
ers (8,94). 

Moreover, Noad et a/ (67) reported that a song sung by 
two immigrant male humpbacks (from the western coast of 
Australia) was quickly incorporated by all the male singers in 
the entire eastern Australian population, within the space of a 
year. If whale song provided information on associations be- 
tween males at another breeding ground, the rapid incorpora- 
tion of this information by whales in a different area seems 
incongruous. Information on whales encountered on their own 
breeding ground would be more important than a record of 
male-male interactions where males are unlikely to meet. 

The evolution of a complex call might have originally indi- 
cated that the singer was capable of a high level of co- 
operation and/or cognitive ability. Similarly, those who could 
memorise and reproduce the complex call would have been 
indicating the same. Thus new songs rapidly learnt/copied 
might have demonstrated the fitness of the individual males. 
As the song became more intricate, those less able to co- 
operate might have been excluded. However, currently singers 
and primary escorts are generally some of the larger males 
(86), whereas such co-operative efforts would more likely be 
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necessary among smaller males. 


Changes and Novelty 

As mentioned above, humpback whales change their song over 
time, presumably at some cost. Innovative processes take time 
and attention, as does listening to the songs of others for 
changes that then need to be learned and mastered. Whether 
innovating or copying, there should be some value in the al- 
teration to justify the efforts. 

Novel song could be the result of immigration (67), mis- 
takes in learning (48), faulty repetition (possibly akin to genetic 
drift through mutation), or invention. The last example means 
innovation is conscious and requires directed effort on the 
whale’s part; in this case, copying (imitation) might be less 
difficult or costly. 

Some songbirds have been shown to invent or improvise 
song components (50,52), and a similar situation could be oc- 
curring in humpbacks. Analogies to the continuous evolution of 
whale song can also be found in birds. For example, the pas- 
serine saddleback (Philesturnus carunculatus) lives in semi- 
isolated populations with males preferring to settle in non-natal 
areas. Each population has its own song dialect. The dialects 
overlap, with some song themes shared by adjacent popula- 
tions (48). 

Nottebohm and Selander (70) suggest that dialects in 
birds reduce the gene flow between populations, but cross- 
breeding does occur. In fact, males that move into a new terri- 
tory typically copy the songs sung by their new neighbours. In 
return, the established males copy aspects of the newcomer’s 
song. This phenomenon is termed ‘song-matching’. Song 
matching is known to occur in several other species, with the 
songs of immigrant birds being copied by endemic males (58). 

Mutual copying seems to be limited in humpbacks, how- 
ever. The arrival of singers from another population to the east 
Australian breeding population did not lead to a hybrid song, 
but to the population-wide adoption of the unfamiliar tune 
(67). Thus the situation in whales appears to involve other 
factors not encountered in bird species. 

There are a number of outstanding questions regarding 
song-matching in humpbacks: why does the song change; why 
do changes spread throughout the whole breeding population 
until all are once again singing the same song; how do songs 
change; and by what mechanism do the changes spread? It is 
possible that males in different populations behave differently. 
The Arabian Sea population is thought to be non-migratory 
(63). A comparison of behaviour between this population and 
one that migrates would be a valuable test of this hypothesis. 

Payne (77) suggested that by matching an established 
male’s song, a younger male might disguise his presence and 
take advantage of the protection afforded to an established 
male. Thus a male keeping abreast of changes in a song 
might: 1) create an opportunity for sneaky mating; and/or 2) 
keep up with the competition. It seems unlikely that a sneaky 
male would want to advertise his position to the local estab- 
lished male at all. However, it is possible that song-matching 
reduces the competitive edge that larger animals have over 
smaller ones. To explore this fully, we would need to know 
who changes a song and if changing a song confers an advan- 
tage. 

Cerchio et a/ (16) alluded to the possibility that males 
producing innovative song have a selective advantage with 
respect to female mate choice. However, they did not offer a 
mechanism by which females would gain an adaptive advan- 
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tage through mating with a male with an innovative song. In- 
novative song would have to be tied to a heritable trait that 
conferred survival or reproductive advantage for it to be a driv- 
ing force behind mate selection. This would be the case if fe- 
males assess male fitness through song in a way that is not 
reliant upon physical abilities, but through cognitive awareness. 
Alternatively, it is entirely possible that female mate choice 
based on song is self-supporting. That is, male offspring that 
display a particular trait are more likely to have numerous off- 
spring of their own because females have a preference for it. 
This is known as Fisherian self-reinforcing selection (2). 

If females are indeed assessing mental fitness they may 
prefer males who have newer songs, and perhaps the ability to 
innovate, or adopt innovations, is a trait that has value. Inno- 
vative song, or quick adoption of innovative song, may be an 
honest indicator of the ability for rapid cognitive response or 
initiation. However, the complex structure of the song and an 
ability to remember the constantly changing structure might 
also be an honest indicator of humpback memory. Memory 
must be an important contributor to a male's fitness, consider- 
ing the long migratory routes of humpbacks. A recent study 
has observed unusual cortical architecture in humpbacks 
(compared to that of a fin whale, Balaenoptera physalus, and 
several odontocetes), which has previously been found only in 
hominids and the great apes, and is thought to be involved in 
processing complex behaviours (47). 

Any female preference for males with a slightly different 
song structure may be selecting for a mate from outside the 
local population. For example, female European warblers 
(Acrocephalus spp.) prefer males who have more elaborate 
and unusual song structures (13,14). This could also be the 
case in humpbacks, with females being more receptive to 
males signalling elaborations of the normal song structure. 
Humpbacks have a relatively low reproductive rate and may be 
somewhat isolated, which could lead to inbreeding depression 
(18). Outsiders would have a substantially different genotype 
from the local males and inbreeding depression could be 
avoided if a female were to choose a mate with an unusual 
song to father her offspring. However, humpbacks found 
around the Pacific Ocean (Mexico, Hawaii and Japan) all share 
a similar song type, despite distinct genetic differences be- 
tween whales from the various breeding populations (9). Fur- 
thermore, such selection would be complicated by innovation 
within a population. 

It is also important to note that ‘different’ and ‘novel’ are 
not necessarily the same. The scenario above suggests that 
females value difference and not necessarily novelty. In that 
situation, some males would be expected to keep the original 
song or develop their own, as either would differ from the cur- 
rent song. However, it is possible that the true value of the 
songs does not lie in the fact that they are merely different. 
Consequently, novel song could be an important criterion in 
sexual selection. For example, in village indigo birds (Vidua 
chalybeata), males that spontaneously change songs, and are 
then imitated by other males, are more reproductively success- 
ful (76,77). 


Mechanisms for change in song 

The mechanism for change in humpback songs is unknown. As 
mentioned earlier, change in song could be a result of con- 
scious effort or a random process. If it is a random process, 
the song could be considered a cultural version of a gene, 
known as a meme (38). Memes evolve more quickly than 
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genes, which could allow songs to become almost unrecognis- 
able within 5-10 years (74,75), even though humpback songs 
change only during breeding seasons. 

Any innovation, from whatever source, that provides addi- 
tional advantage would spread quickly through a population 
with the ability to imitate. Each innovation represents a muta- 
tion in the structure of the meme, which then spreads through 
the population like a successful gene, but at a much faster 
rate. Genetic mutation is limited and will only modify the phe- 
notypes that were present, with large changes taking many 
mutations. If meme mutation functions in the same way, only 
small changes would be possible, but these would be additive 
and become large differences quite quickly. Quicker change still 
would be expected if new memetic ‘alleles’ (/e@., song ele- 
ments) were introduced into the population. 

This might have occurred when the vagrant whales first 
turned up in eastern Australia (67). If the memetic evolution in 
western Australia had taken a different path, conveying greater 
benefits, then the eastern whales with their ability to imitate 
may have recognised these benefits and switched memes. The 
more successful meme then spread throughout the population 
at the expense of the original one. This might explain why the 
western Australian whales did not simply begin singing the 
local song to fit in. Had they done this, it would mean that the 
value of a song is not in its novelty, but more likely within its 
elements or complexity. However, the fact that the eastern 
Australian whales adopted the song of the immigrants does not 
confirm selection for novelty or difference, as they may also 
have simply adopted an inherently better song for achieving 
whatever purpose it is for. 

Random memetic mutations could arise from errors on the 
part of a whale resulting in the irreversibility and constantly 
changing structure of humpback song. One possible source of 
error could be rapid decay, reformation and rearrangement of 
memory-associated neurones in the brains of humpbacks. This 
is the case in canaries (Serinus canaria), which have a limited 
memory capacity and a need to constantly relearn mating song 
structure with a new song, replacing the old one in the mem- 
ory neurones (69). With a song being constantly replaced, it 
would be inevitable that some learning errors would occur, 
leading to a change in song structure. However, there is little 
change in the form of humpback songs between the end of 
one breeding season and the beginning of the next, implying 
that the whales do not have a limited memory capacity. 

These memetic changes could also be the result of a more 
active process, such as through active trial and error, with the 
members of the population (including the innovating whale) 
consciously or subconsciously assessing the worth of the vari- 
ant and either adopting it, or abandoning it accordingly. An 
intriguing alternative to trial-and-error is intelligent innovation, 
with a whale pre-determining what could be a good adaptation 
to the song in terms of effective broadcast or female prefer- 
ence. 

One other interesting possibility arises from the tendency 
of an animal to acclimate to signals to which it is repeatedly 
exposed. Acclimation to a signal potentially associated with a 
stressor involves a reduction of the physiological response to 
that signal, which often leads to increased physiological re- 
sponses to novel signals (see 84). A similar heightened re- 
sponse would confer an advantage to whales seeking re- 
sponses to their songs. Even if a physiological response isn’t 
involved, it is likely that a new song would still be noticed more 
readily, as the possibility remains for females to ‘tune out’ sig- 
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nals (songs) to which they are repeatedly exposed. 


Environmental Conditions and Song 
Another option is that humpback males change their song in 
response to environmental conditions. Several species of ani- 
mals change signals and displays to compensate for back- 
ground noise in the environment. For example, two species of 
lizard (Anolis cristatellus and A. gundlachi) increase the speed 
of body movements used in visually ‘noisy’ environments (71). 
Short-term environmental variation is known to be a factor in 
temporary changes in humpback song. For example, hump- 
backs have modified their songs during exposure to low fre- 
quency sonar transmissions (64). Thus it is possible that song 
changes are the result of other short-term events, and leaves 
open the possibility that variability in environmental conditions 
throughout a season may lead to concurrent changes in songs. 
Perhaps humpbacks arrive at the breeding ground and test 
the previous year’s song in the current oceanographic condi- 
tions. In response to changing environmental factors, such as 
ambient sounds, eddies, temperature or salinity differences, or 
volcanic activity, the male humpbacks may modify their song in 
some way to improve detectability by increasing the signal-to- 
noise ratio, repeating certain features, or changing the fre- 
quencies involved. Many environmental features can persist 
over weeks or even months and thus the costs of modifying 
their song could be offset by the benefits to the males in 
broadcasting song. 


Arms Races, Fashion and Relics 

As discussed above, it could be that males in a population try 
to copy novel or better songs as quickly as possible to avoid 
being out-competed. This would result in a vocal arms race to 
produce a population-wide song structure that rapidly evolves 
throughout the breeding season. If this were the case, it would 
also be expected that when a male singing a novel or in some 
way better song enters a population (through immigration or 
innovation), other males would immediately start imitating this 
song to offset whatever advantage it conveys, as was reported 
by Noad et al. (67). Perhaps then the male song is equivalent 
to a vocal form of clothing; with most whales following the 
current trends in fashion, rather than expending energy re- 
sources on novelty. 

It should be noted that it is also possible that the original 
driving force behind changing songs, as well as the reason that 
the males sing in the first place, may be an evolutionary relic. 
For example, if selection pressure was great enough, it may be 
that all whales that could not produce a complex song, or keep 
up with changes in that song, were unable to breed and are 
thus no longer represented within the population. This would 
mean that all males currently in the population now meet these 
original selection criteria. Despite the fact the physiological and 
behavioural mechanisms producing change could remain in 
place regardless, female choice or male competition must now 
involve more subtle differences between the songs, such as 
precise peak frequencies related to the size of the whale. For 
instance, the key of C played on a guitar and a banjo would 
have the same pitch but different overtones, which are subsidi- 
ary frequencies acting together. The result is differences in the 
quality of sound. It may also be that in their studies, research- 
ers are missing such subtle differences between songs, possi- 
bly through the type of frequency filters that they use in their 
measurements. 
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Other hypotheses 

Cetaceans are thought to have high cognitive awareness and 
culture (73,82) that might lead to the argument that singing is 
for pleasure, either of the male himself or for the female. 
Songs may still be a part of the male’s mating strategy, but if it 
is pleasurable as well, this might increase the rate at which 
novel elements are produced or lead to the males singing more 
often. Song might also be carrying news that is updated by all 
singing males in increments, or even a collective current oral 
history. Information of this kind in the song might be valuable 
for survival (34). Alternatively, the primary function of the cho- 
ral singing could be to synchronise oestrus in females (8). 


Summary 

There are numerous hypotheses concerning the nature of 
humpback song, many of which are not mutually exclusive. 
The logistical difficulties of studying the behaviour of hump- 
backs in comparison to songbirds render it challenging, al- 
though not impossible. In the meantime, it is a nice thought 
that, perhaps, humpback whales really are attracted to their 
mates for their minds. 
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